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CHAPTER 1

RN

INTRODUCTION

An often discussed aspect of the acquisition process in the EFFORTS TO SHORTEN
. Department of Defense is the length of time it takes to develop ACQUISITION PROCESS

and deploy weapon systems. Although there have been FAILED

numerous” attempts to shorten this cycle, relatively little has

been accomplished. The cycle has grown longer and the

criticism stronger.

The reasons for shortening the cycle are directed mainly toward
cost, and to some extent-though not enough-toward
readiness. However, in the past few years, the issue of
readiness has rightfully gained visibility and importance.
Although the long acquisition cycle certainly is not a desirable
situation, it might be tolerable if the process yielded satisfactory
results. But most new weapon systems are less than
satisfactory and require burdensome maintenance and logistics
efforts. Even with the best of efforts, resultant low readiness
often requires additional equipment in order to meet the needs
of the Military Services. This is due primarily to a lack of
“discipline in addressing logistics requirements during design
and development.

In the acquisition process, first evidence of weapon system TRANSITION FROM
problems sometimes does not become apparent until a DEVELOPMENT TO
program transitions from full-scale development (FSD) into PRODUCTION IS THE
production. This transition erroneously is thought to be a PROBLEM

discrete event in time. Most acquisition managers seem to

recognize that there is a risk associated with the transition, but

perhaps do not know the magnitude nor the origin, because the

transition is not a discrete event but a process composed of

three elements: design, test, and production. Many programs

simply cannot succeed in production, despite the fact that

they’ve passed the required milestone reviews. These

programs can’t succeed for technical reasons, notwithstanding

what is perceived as prior management success related to DoD

acquisition policy. A poorly designed product cannot be tested

efficiently, produced, or deployed. In the test program there will

be far more. failures than should be expected. Manufacturing

problems will overwhelm production schedules and costs. The

best evidence of this is the “hidden factory syndrome” with its

needlessly high redesign and rework costs. In addition, field

failures will destroy operational and training schedules and

Increase costs.
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The transition process is very broad and it is impacted by o
activities that are, or more accurately, are not done in the early e
design and test activities. For contractors who have been

successful in designing and producing acceptable products, it

generally is recognized that the control techniques needed to
successfully complete the design, test, and production
elements dictate the management system needed to direct the
overall effort. In fact, the current management systems in

. today’s industrial processes had their origins in these design,

test, and production requirements.

DoD CORRECTIVE Corrective measures by the Department of Defense have

MEASURES focused on establishing a series of management checkpoints

HAVE FOCUSED ON and review activities. This becomes apparent when the

MANAGEMENT FIRST acquisition process is reviewed, beginning Wwith the
management perspective in DoD Directive 5000.1 (reference
(a)) and DoD Instruction 5000.2 (reference (b)); descriptions of
the Defense Systems Acquisition Review Council (DSARC) and
related procedures; and the wealth of material that is available
on the planning, programing, and budgeting system (PPBS)
and other elements of defense planning, budgeting, and funding
processes. This approach has been responsible for adding
numerous layers of management, and has tended to
compartmentalize, matrixize, and polarize the major areas of
the acquisition process: design, test, and production.

These documents and the requirements that they spell out are
Important in that they establish a management grid that the
various participants in the acquisition process must follow.
However, they do not describe the industrial process, nor do
they provide intelligence on the management and control of
those technical activities and their related details that can either
make or break a program. What has evolved as today’s
management system for material acquisition hardly recognizes
the importance of development and production, much less does
it utilize the vast resources of development and production data
In any decision process. “Manage the fundamentals of design,
test, and production and the management system will describe
itself.” However, and this is a particularly important point, the
converse can never be true! It is impossible to describe the
management system first that will take care of the fundamentals
of the industrial process-engineering and manufacturing.

This patently is obvious when the management system used by ---
the Department of Defense and its Military Services is reviewed.
Yet, it seems to be the subject of continued and ongoing
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. interest at ail levels of both the Department of Defense and the

,,,,,, - Military Services. The central cry heard in the halls of the

""""""" Pentagon when things go wrong is “reorganize, restructure the

management system.” Some think that if enough organizational

boxes or enough people are moved, the problem will go away.

Of course, it doesn’t, yet those responsible for creating the

organizational mess think so. Consequently, we are left with a

- legacy that only grows worse with time. Why is this the case?
Most probably because it is the path of least resistance.

The current review process, culminating in a DSARC decision

for major programs, has no structural mechanism that can

articulate with any degree of certainty the risk associated with

the engineering and manufacturing elements of the weapon

system acquisition process. _

Some communities have suggested that the problem is mainly CAUSES OF ACQUISITION
one of delivering weapon systems that are too complex,and RISK ARE TECHNICAL,
that reducing complexity would increase readiness. However,a NOT MANAGERIAL
recent Defense Science Board (DSB) summer study

deliberated the issue of complexity versus readiness and

concluded that although there is a relationship, it is relatively

Sl small and threat-driven. It was suggested that the probable

i cause is inadequate engineering and manufacturing disciplines

combined with improperly” defined and implemented logistics

programs. This industrial process of weapon system acquisition

demands abetter understanding and implementation of basic

engineering and manufacturing disciplines. Once rigorous,

disciplined engineering practices are employed and

Institutionalized, both the risk of deploying unsuitable weapon

systems and the time in the acquisition cycle associated with

design, test, and production will be reduced.

Current DoD systems acquisition policies do not account for the
fact that systems acquisition is concerned basically and
primarily with an industrial process. Its structure, organization,
and operation bear no similarity whatsoever to the systems
acquisition process as it is described conventionally. It is a
technical process focused on the design, test, and production
of a product. It will either fail or falter if these processes are not
performed in a disciplined manner, because the design, test,
and production processes are a continuum of interrelated and
Interdependent disciplines. A failure to perform well in one area
will result in ‘failure to do well in all areas. When this
T happens-as it does ail too often-a high risk program resuits
T whose equipment is deployed later and at far greater cost than
planned.
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The answers to these problems won’t be found in another @, .
revision of DoD Directive 5000.1 (reference (a)) or DoD e
Instruction 5000.2 (reference (b)). Nor will they be found in
adjustments to the DSARC or other administrative procedures.
They won't be found in these areas, because the problems are

technical, not managerial.

DSB TASK FORCE The Under Secretary of Defense for Research and Engineering
CORRECTIVE MEASURES (USDR&E) recently has expressed more and more concern
FOCUS ON TECHNICAL regarding this transition phase. Consequently, a task force was
SOLUTION formed under the auspices of the DSB to review the various
subsets of the transition from development to production. The
formalterms of reference are summarized as toilows:

o Examine ways and methods that will definemore clearly
and accelerate the transition from development into
production.

o Direct the inquiry toward both the producing industry and
the administering Government agency.

® Recommend those disciplines and controls for
application in those activities comprising design, test,
and production that result in the timely delivery of a
quality product to the operating forces.

TEMPLATES MINIMIZE The major thrust of the DSB report is directed toward the
HIGH TRANSITION PHASE identification and establishment of critical engineering
PRODUCT RISK processes and their control methods. This will lead to a more

organized accomplishment of these activities and will place
more significance and accountability on them. In order to do
this, the task force generated a matrix of the most critical events
in the design, test, and production elements of the industrial
process. These events were then transformed into what are
referred to as “templates,” a term that defines their nature and
intended use.

The undertying principle of this approach is the recognition that

everyone in the Department of Defense and ail of its contractors

sincerely want to do a good job. If the proper environment exists

and the necessary tools to accomplish the work are developed,
satisfactory products will be forthcoming. Having first

established these fundamentals as a reference point, it is now

necessary to ensure the right environment, which in this case, _. B

is a matter of obtaining adequate visibility, and establishing the |

tools, which by their use form a frame of reference to evaluate
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their: proper application. In this case; the tools are the
templates.

Figure 1-1. represents the DSB task force perspective of the
transition problem and the action level that must be reached in
order to define understandable and achievable engineering

: solutions to repetitive transition risks. The key here is to
recognize that risk is eliminated only when the industrial
process is changed, and that change is effected at a level of
detail normally not visible to the technical decision maker.
Understanding for this crucial point is paramount to electing the
low risk course of action.

The templates describe techniques for improving the
“acquisition process” by recognizing it for what it is-an
industrial process concerned with the design, test, and
production of low risk products.

ACOUISITION  MANAGEMENT L
CONCEPT DEVELOPMENTI ISR 010 PROOUCTION T
ACOUISITION ORIENTATION
___________________ ( WICKETDRIVEN
INTERFACE p— INDUSTRIAL
, PROCESS
— (TecHmeAL omammou)
— PRODUCT DAIVEN

----------------------- - G e GEE ST S S Sl emn

LEYEL OF SPECIAL

RISK EVALUATION TEMPLATE TEMPLATE TEMPLATE
@ AREA OF RiSK
® OUTLINE TO

TESSONS LEARNED ® mmeLne

Figure 1-1. Transition Problem Perspective and Action to Lower Produet Transition Risk
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TEMPLATES ARE
BASED ON TASK

FORCE EXPERIENCE

Selected areas of this document stress the electrical and
electronic disciplines because of the significant role that the
electronics field is playing in improving system effectiveness
and productivity. Recent surveys have shown that the majority
of the key technologies affecting future weapon system
capability and DoD budgets are in the electronic fields. These
technologies include such disciplines as very high-speed
integrated circuits, advanced software and algorithms, machine
Intelligence, and space-based and short wave-length radars.
However, emphasis shall be placed on maintaining program
technical balance within all disciplines.

Specific attributes override all detail requirements. These are
(1) assurance of design maturity, (2) measurement of test
stability, and (3) certification of manufacturing processes.
Design maturity is a qualitative assessment . of the
Implementation of contractor design policy: Test stability is the
absence or near absence of failures in development testing of a
stable design. Certification of the manufacturing processes
implies both design for production and proof of process that
occur during pilot production (concurrency). Each of the above

attributes is a function of the proper application of all of the .

templates identified in the design, test, and production sections
of this document.

The templates were initiated using the reports of the five panels
that made up the DSB task force. The total set of recommended
Initiatives and principles were tested against their relationship to
“technical risk,” using the background and knowledge of the
members of the task force as the basis for defining these
technical risks and for setting out methods for minimizing them
during the transition from development to production. From the
results, a set of templates was developed for use in describing
low risk programs. A low risk program is a program that is not
likely to give trouble during the transition out of development.

Each template describes an area of risk and then specifies
technical methods for reducing that risk. The templates
themselves are nominally two- or three-page documents that
usually describe a technical problem that in turn creates a high
risk program. The templates then describe a readily available
technical solution to the problem based on the lessons learned
from analysis of a substantial number of programs.

Justification for the use is. then provided along with supporting ---

data.
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Throughout this document there are timelines for many

f e template activities that begin and/or end between two major
e milestones. In such cases, the timeline is depicted for simplicity
purposes as beginning and/or ending in the middle of the
program phase. It is left to the users of this document to
determine how early or how late in the phase the tempiate
activity begins or ends; and such a determination will be
iInfluenced by the type of program, the acquisition plan, and the
best” judgment of experienced Government and industry
personnel.

The subsequent pages of this document contain all the
templates generated by the DSB task force to reduce risk
inherent in the design, test, and production processes.
Additional templates have been generated as a result of a DoD
and industrywide review. Since some risk is associated with
funding, facilities, management issues, and the transition plan
for design, test, and production, the entire network of templates
is arranged in a sequence considered logical from a typical
program manager’s viewpoint. Funding is presented first
because it influences every other template in the transition
document. The total network of critical path templates is shown
in figure 1-2.

In figure 1-3, the time phasing associated with development of ~ TEMPLATE
each of the templates is identified as the program progresses  APPLICABILITY IS
through the material acquisition cycle. Program risk is CORRELATED WITH
3 introduced when a particular template activity is started after or ~ ACQUISITION PHASES
continued beyond the timeline. For those less familiar with the ~ AND MILESTONES
DSARC process and its typical relationship with program
phasing, the conceptual phase begins after the justification for
major system new start (JMSNS) is approved. Between
Milestones | and ll, the demonstration/validation phase occurs
and Milestone Il is the beginning of FSD. The production phase
begins at Milestone lllA (tooling, long lead time, and pilot
production) notwithstanding the production preparations that
must begin early in the FSD phase, and MilestonelllB generally
signifies the beginning of rate production.
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Figure 1-2. Critical Path Templates
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CHAPTER 2

e INTRODUCTION FOR FUNDING CRITICAL PATH TEMPLATE

.- Over the years, the Department of Defense and the Military Services have been struggling

to improve the acquisition process. There has been a seemingly endless proliferation of
“blue ribbon” panels, ad hoc reviews, summer studies, task forces, and audits, whose
memberships consisted of the most respected representatives of Government and
industry. Many of these efforts were mandated congressionally, but the increasing
congressional focus (General Accounting Office (GAO) reports and staff member inquiries)
on DoD acquisition programs indicates that Congress is not convinced that the overall
objective, namely, “more bang for the buck,” is being accomplished.
There is no doubt that past studies and reviews have provided many practical
recommendations and those that were acted upon helped formulate current procedures for
the DSARC process and the PPBS. Yet, there is still concern whether the taxpayer’s
money is being well spent and whether our Armed Forces are being provided equipment
that works when needed. Why do we have se many cost overruns and why does our
operating equipment fail so frequently?

The answers are not simple. Some of the more lofty answers pertain to the increasing
complexity of OUr hardware, greater administrative reporting burdens, changes in
administration policy from one election to the next, and variations in the level of our
international military commitment as it influences and is influenced by the existing attitude
of the American public.

However, there are at least three answers that are not so lofty and over which we can exert
significant control. One relates to the need for more discipline in the technical side of the
acquisition process, that is, more attention to the engineering fundamentals of design, test,
production, and supportability; this answer is the basic purpose of this Manual and is well
described in the Preface and Introduction. A second answer involves the critical resource of
personnel” and is discussed in a separate template in the Management section. The third
answer is sound funding policy. In order to avoid “biting off more than we can chew,” and
because there are many facets to funding policy concerns, the following template on money
phasing is confined to research, development, test, and evaluation (RDT&E), and initial
production funding.
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TEMPLATE
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SUPPORT AND
TEST EQUIPMENT

MANUFACTURING
STAATEGY

PENSONNEL
REQUIREMENTS

DATA
BECUINEMENTS

TECHMICAL:

Inadequate RDT&E funding is, of course, an obvious major risk area. Aside from this
“quantity” issue, however, there are the other funding risk areas that deal with the phasing
of money: (1) inadequate early RDT&E funds, and (2) inadequate early production funds
during the latter phases of development (initial production funds (IPF) and long lead). Risk
IS aggravated by authorizing development without production in mind. The development

decision is a commitment to production that must be supported by properly phased
funding.

OUTLINE FOR REDUCING RISK

o If the all-important design and engineering effort is to be funded adequately, provide

a reasonable proportion of total RDT&E funds in the eady years. Figure 2-1. is a
representation of an idealized RDT&E funding profile.

TIME

Figure 2-1. What We Should De (RDT&E Funding Profile)
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Rarely, however, are funds provided on this type of SChedule. Early dollars are hard
to find and the profile shown in figure 2-2. IS @ much more typical situation. This
condition is aggravated when programs are started on short notice.

A significant initial subset of this profile is the RDT&E funding spent on production
preparations. If this funding profile is changed, the impact on transition must be
assessed.

PERCENT

TIME
Figure 2-2. What We Do (RDT&E Funding Profile)

Figure 2-3. combines these idealized and actual funding profiles, and the shaded
area represents a “design and engineering gap” from which the program cannot
recover by application of later funds.

The first type of funding risk, therefore, can be ascertained by comparison of a
program’s funding profile with those of figures 2-1. and 2-2.

PERCENT
OF
RDT&E
COSTS
PER YEAR

TIME
Fcits Figure 2-3. The *‘Design and Enginsering’’ Gap
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‘o Thesecondtype of risk reduction involves the early commitment of production S
funds-while development is still ongoing-for tooling, long lead materials, and R
production line startup. Figure 2-4. shows a graphic representation of the needed
buildup of production funds during RDT&E phase down. The “fly before buy” school
of acquisition policy tends to drive to the “too late” line. Excessive concurrency can
result IN UNwise commitments indicated by the “too early” line. For all programs
there will be an optimum middle ground that results in. low RDT&E risk and a
controlled “transition to production” (shaded area).

ALTERNATIVE
PRODUCTION

FUNDING .
PROFILES

- :0"‘:“ ¢
) A’:ﬁ.& -l A
§ ] —

Figure 2-4. Funding Profiles (RDT&E and Production) -

TIMELINE

PROGRAM PHASE OEPLDY-
A B  wment
TEMPLATE ACTIVITY

=~ A A
Funding

Early availability of enough funding from the RDT&E and procurement appropriations is
essential for a smooth transition from development to production and early deployment.
The proper focus must continue during each annual budget cycle. Without a proper funding
profile, it will be impossible to Keep the program in technical balance.




CHAPTER 3
INTRODUCTION FOR DESIGN CRITICAL PATH TEMPLATES

High risk of falure of Government materia acquidtion programs occurs at the outset of the design
process. While some leve of risk associated with a new technical concept may be unavoidable,
higoricdly this risk has been magnified by the misunderstanding of the indudtria design disciplines
necessary to turn the concept into a mature product. The Government and its contractors must share
equa responghility for this misunderstanding. The industrid proposal and Government source sdlection
process provide the lagt cost-effective opportunity to ensure application of critical disciplines during
design and therefore the ultimate achievement of design maturity. The goplication of these disciplines is
the source of the requirement for “up front funding” to minimize materid acquisition program risk.

What is design maturity? It is defined easlly in the operationd environment. A mature design meets
operationa requirements without additiond Government or contractor intervention¥ano further fidd
modifications or additiona equipment and spares are required to overcome design shortfdls. In the
factory, design maturity might be indicated by the tapering off of engineering change proposa (ECP)
traffic, once the test phase is underway, if it can be assumed that contract requirements are being met.
But what condtitutes design maturity at the conclusion of the design effort before entering the formad test
phase? Thisis the question faced at the critical design review (CDR), when a decision to proceed with
fabrication of forma test articles must be made, a decision on which hangs this matter of risk.

Among the many engineering disciplines that must be applied to arrive a a product design are severd,
bearing directly on risk, that have been underemphasized by the Government and underutilized by its
defense contractors. These disciplines share a common thread¥s dl serve to reduce dress in the
broadest sense. At the micro-level, parts age at a rate dependent on the stress they must endure. A
design can be said to be mature when it meets its functiona performance requirements and the applied
stresses are well-known, and the ability of every part to endure those stresses can be ensured for the
required life of the product. The engineering disciplines that determine stress and ensure the ability of
the parts to endure stress are those that have received the least attention in defense system acquisition.

The templates in this section address those neglected engineering design disciplines. The Government
and its contractors bear equal responsbility to address the issues in dl materiad acquisition programs.
The outlines for reducing risk will serve to guide the Government both in the preparation of requests for
proposas and in proposal evauation during source sdection. They dso will serve to guide program
managers in the conduct of forma design reviews, and the outlines will serve notice to Government
contractors of the unclaimed risk issues on which the Government intends to take action, as a guide to
ordering their internd policies and procedures.



TEMPLATE

PRODUCT

MONEY
FUNDING 1 PHASING

DESIGN TEST PRODUCTION FACILITIES LOGISTICS MANAGEMENT
FAILURE QUALIFY LOGISTICS
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MANUFACTURING SPARES | | srobucTion
SCREENING [ u BREAKS
DESIGN | | DESIGN
REVIEWS RELEASE TECHNICAL
1 MANUALS
TRANSITION PLAN

Accurate and complete specification of the design reference mission profile is required in order
to support the entire acquisition process: design definition, stress andysis, test design, logigtic support
andyss, €. d. The degree to which the specified misson profile corresponds to ultimate service use
directly determines the degree of risk. Conversely, this degree of correspondence dso affects progress
toward design maturity, which is ultimately decided by service use, not development and operationd
testing. Yet the misson profile is often left to the contractor’ s discretion, based on a board definition of
the Government’ sintended use of the product.

OUTLINE FOR REDUCING RISK

A functional misson profileis prepared that shows on atime scae dl the functions that must
be performed by the system to accomplish the misson. The functiond mission profile of a
system having multiple or variadble missons is defined by a hypothetical design reference
mission profile that contains a comprehengve liging of dl functions expected in every
potentid misson.

An environmenta misson profile is prepared that shows on a time scde the significant
properties of the surroundings (and their limits) thet are likely to have an effect on the
operation or surviva of the sysem. It defines the tota envelope of environments in which
the wegpon sysem must peform, including conditions of Sorage, maintenance,
trangportation, and operationa use.

Mission functiona and environmentd profiles are prepared by the Government and included
in requests for proposas, forming abasis for proposals, source sdlection, and contracts.

System functiona and environmenta profiles are prepared by the contractor on the basis of
the totd envdope of extend environments given by the misson profile to
3-2



define the functiona requirements and induced environmenta conditions for the sysem and
its component parts. These become the design requirements for the component parts of the
sysem.

The design requirements and concept should include a determination of support and
operability factors such as the need to interoperate with other Military Service and dlied
systems.

TIMELINE

PROGRAM PHASE|
JMSNS | I A IlB DEPLOYMENT
TEMPLATE ACTIVITY A A A A

AN y 7, X AN y AN y

Design

Design Ref. Mission Profile ——]

Design Requirements

Trade Studies

Design Policy

Design Process B

Design analysis

Parts and Materials Selection

Software Design

Computer-Aided Design (CAD)

Design for Testing

Built-in Test

Configuration Control [

Design Reviews

Design Release I

System functiond and environmenta profiles are prepared by the contractor during the early
stages of concept devel opment.
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AREA OF RISK

Design requirements are trandated from operationa requirements, stated by the “user” activity,
and frequently negotiated or evolved during the course of desgn. They may include desgn requirements
that are not measurable directly during the design process, but only can be verified by extended forma
tests. Such intangible design requirements are acommon cause of high risk.

OUTLINE FOR REDUCING RISK

Design requirements are developed in pardld with the development of the design reference
mission profile. They are defined completely in the requests for proposds, in order that one
bass for source sdection may be the offeror’s approach to satisfying those requirements,
including Government evauation of corporate design policy bearing on product risk. The
complete design reference misson profile, including support-related “design  to”
requirements, is specified in these design requirements.

Primary design requirements are sated in terms of parameters that can be measured during
the design process, by breadboard testing or analogous design action. Probabilistic
specifications that would require extended system leve testing to verify compliance cannot
be used by the design engineer for red time design decison making, and are therefore
considered secondary, to be used for planning purposes only.



When the achievement of specific quantitative system requirements is conditiona upon the
performance of a set of predefined tasks, the contract establishes the requirements for
development of gpproved program plans for the accomplishment of these tasks. This will
aoply to such disciplines as dructurd anadysis, weight contral, rdiability, maintainability,
sysems safety, survivability, corroson prevention, parts dandardization, and smilar
activities.

Contractors are responsible for ensuring that subcontractors and suppliers have complete
and definitive design requirements that flow down Government requirements such as
measurable parameters and performance of predefined tasks.
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Parts and Materials Selection

Software Design

Computer-Aided Design (CAD)

Design for Testing

Built-in Test

Configuration Control

Design Reviews

Design Release I

Design requirements are established early in the conceptud phase and may be dtered during
vaidation as wdl as increased in leve of detall and specificity. The design reference misson profile
influences the design requirements for the component parts of the system. The contract for validation
should be structured to require contractor recommendations for selection and tailoring of the optimum
specifications and standards for application before the start of FSD.
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AREA OF RISK

TRADE
STUDIES

Trade dudies ae essentiad dements of materid acquidtion programs, not only in defining
concepts that best meet misson needs, but dso in finetuning selected concepts during the design
process. Concept vaidation may not be complete at the beginning of full-scale development, however,
there is the expectation that significant conceptua problems can be resolved during the design process.
In addition, reducing production risk frequently is not atrade study criterion.

OUTLINE FOR REDUCING RISK

Concepts representing new technology untested in the production environment are vaidated

fully before FSD.

Trade studies during the design process are oriented towards reducing product risk, by such
means as desgn smplification, design for compatibility with production processes, design
for ease of both factory testing and built-in test, and design for supportability and readiness.

Early in the design phase, full consideration is given to standard components that have been
developed and can meet the mission requirements (such as standard avionics, egress Sedts,

etc.).

A quantitative trade parameters list is developed and standardized across dl design,
manufacturing, and quaity disciplines as a priority task early in the RDT& E program.




Trade dudy dterndives are documented and preserved formdly in design review
documentation to ensure system engineering tracesbility to design characteridtics
downstream.

Production trandtion trade studies are based on design and performance criteria as weight
factorsfor trade study decisons.

Product qudity and reliability are not trade study parameters to be sacrificed for cod,
schedule, or performance gains.

TIMELINE
W
|
TEMPLATE ACTIVITY JMSNS A /"\ I;Q ﬂs prromE
Design

Design Ref. Mission Profile —]
Design Requirements I
Trade Studies »
Design Policy ) I
Design Process B
Design analysis
Parts and Materials Selection
Software Design I
Computer-Aided Design (CAD) B
Design for Testing I
Built-in Test
Configuration Control »
Design Reviews I
Design Release I

A broad spectrum of trade studies is initiated during the concept exploration phase. These
trade studies continue on into FSD as a logica approach to sdecting the best design once the misson
profile and design requirements have been specified. The find sdection and fine turning of the design
gpproach must consider such factors as producibility and operational suitability as well as performance,
cost, and schedule.
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PRODUCT
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AREA OF

TRANSITION PLAN

DESIGN
POLICY

RISK

The implementation of the engineering design disciplines involved in reducing product risk is the
respong bility of Government contractors. The existence or absence of documented corporate policies,
backed up by controlled engineering manuds to the necessary degree of detail, has a direct bearing on
the degree of product risk associated with materia acquisition. Many Government contractors do not
have such corporate policies, and when these policies do exigt, they often lack implementation a the
operating level and often lack substantive direction on design for low risk.

OUTLINE FOR REDUCING RISK

Documented design policies and comprehensive engineering documents implementing these
policies are vishle and adhered to in design, test, and manufacturing practices.

— Policiesand practices are sendtive to “lessons learned” on past programs.
— Abundant evidence is available that engineering practices are tailored to product lines.

— Policies and practices reflect the importance of designing for supportability as an integral
part of dl design efforts.

Engineering design has the documented respong bility not only for development of alow risk
design but aso for specification of test requirements and design for production and support.

Engineering practices in the form of criteria and standards are included in an integrated data
base ble by design, tet, production, and logistics engineering personndl.

Established design review criteria are avalable and are used by an expert design review
teeam. These criterig, dong with specific means of assessng maturity, are talored
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TIMELINE

PROGRAM PHASE
TEMPLATE ACTIVITY

The implementation of best practices in engineering design is the responsibility of contractors.

specificaly to product lines.

Desgn emphess is placed on implementation of design fundamentas, disciplines, and

practices that are known to produce a low risk desgn and that ensure desgn maturity
before design release.

Design Policy

Design Process

Design analysis

Parts and Materials Selection
Software Design
Computer-Aided Design (CAD)
Design for Testing

Built-in Test

Configuration Control

Design Reviews

Design Release

JMSNS I A [llB DEPLOYMENT
Design
Design Ref. Mission Profile e
Design Requirements [,
Trade Studies L i

The existence or absence of documented corporate policy has adirect bearing on the degree of product
risk associated with material acquisition. Appropriate design policies are developed and proven before
FSD, and they may be updated and otherwise refined as experience is gained during development.
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AREA OF RISK

The design process ought to reflect a sound design policy and proper engineering disciplines and
practices¥s an integration of factors that influence the production, operations, and support of a system
throughout its life cycle. Nevertheess, concepts are often sdected, demondtrated, and vaidated with
little thought given to the feasbility of producing a sysem employing those concepts.  This omisson is
then carried forward into design, with voids appearing in manufacturing technology and absence of
proven manufacturing methods and processes to produce the system within affordable cost. One of the
most common sources of risk in the trangtion from development to production is falure to design for
production. Some desgn engineers do not congder in their design the limitations in manufacturing
personnel and processes. The predictable result is that an gpparently successful design, assembled by
engineers and highly skilled modd shop technicians, goes to pieces in the factory environment when
subjected to rate production. A design should not be produced if it cannot survive rate production
without degradation.

OUTLINE FOR REDUCING RISK

The potentiad to produce a system is investigated carefully during the demonsration and
vdidation phase by means of gppropriate producibility andyses. Voids in manufacturing
technology projects and manufacturing methods and processes peculiar to the design of the
goecific system, subsysems, and components are addressed during engineering
development. These methods and processes are proven by pilot lines and pilot quantities,
when necessary.
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The design avoids rdiance on a Sngle unproven manufacturing technology for system critical
performance characterigtics. Alternative technologies and design approaches are carried
through Milestone |1 and into engineering development, when warranted.

Producibility engineering and planning is an integrd dement of the design process. Close
coordination between production and design engineering is established from the outset.
Integration of life cyde factors in the dedgn is fostered by forming design teams with
production engineering and support area representatives.  Manufacturing coordination is
part of production drawing release. Production engineers participate in design concept
development and design engineers participate in production planning to ensure design
compdtibility with production.

The design process specificaly ensures both performance and producibility consderations
for packaging of eectronic components. Factors such as envelope clearance, package
density, predicted versus actua weight, tooling, and power access are equdly as important
as component and circuit design considerations in reducing transition and production risk.

The design is evauated to ensure that the producibility and supportability factors are being
incorporated.  Producibility and supportability design changes are expedited and
incorporated as early as possible to reduce cost and are not ressted automatically. These
changes are substantiated promptly by necessary testing.

A task analyss approach, as caled out in Military Handbook 46855B (reference (c)), is
used to divide tasks among hardware, software, and operators. System design then
proceeds with this partitioning in mind, thus reducing the risk of complex tasks being
“dumped” on operators when they are better performed by software. This partitioning aso
helps to bound and define the entire design effort.

Cross training of engineers in design and manufacturing disciplines actively is supported.
Desgn enginears dtay doreast of developments in manufacturing technology that would
affect the design.
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Design Requirements I
Trade Studies [ i

Design Polic [
Design Process B
M

Design analysis

Parts and Materials Selection

Software Design

Computer-Aided Design (CAD) B

Design for Testing

Built-in Test

Configuration Control B

Design Reviews

Design Release Jr—

The design process describes dl the actions taken that culminate in a set of drawings or a data
base from which a modd can be condructed for testing to verify specification compliance. Design
criteria are developed and proven before FSD, and may be updated and otherwise refined as
experience is gained during development. Production design occurs concurrently with the other
elements of the design process. Much useful informeation guidance technology on obtaining a producible
designisin Military Handbook 727 (reference (d)).
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AREA OF RISK

Engineering design involves many specidized andyses, most of which are oriented towards
meeting desred performance specifications. There dso are specidized analyses oriented towards
proofing design risk but they are not practiced widdy. When they are completed, it is often by
personnd other than the design engineers most familiar with the product design. These andyses are
critical to ensuring alow risk design.

OUTLINE FOR REDUCING RISK

Stress and stress/strength analyses are performed to ensure that applied values of al
parameters specified in the derating, margin of safety, and safety factor criteria for dl
component parts and materia's meet those criteria.

“Word casg’ tolerance analyses are performed to ensure that the system design
performance remains within specified limits for any combination of component part
parameters within the limits of their own dlowable tolerances.

Sneek circuit andyses are performed to detect such unexpected falure modes as latent
circuit pahs, timing errors, or obscure “cause and effect” relaions that may trigger
unintended actions or block desired ones without any part failures having occurred.

Failure modes and effects analyses are performed in order to understand the effect of each
component part falure on overdl desgn performance, and sysem and equipment
supportability. Each component part is andyzed for the purpose of reducing these effects to

aminimum through design changes.
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A thermad survey is conducted on dectronic systems to validate the accuracy of the therma
dress andyss, which is then revised as indicated by the survey to yidd more accurate
results.

Other analyses that may be applied effectively are fault tree, mass property, system safety,
maintainability, life cycle cog, fault isolation, redundancy management, and vibration survey.

The results of these analyses are used to revise the design, as necessary, to reduce design
risk, and the analyses are update, as necessary, for changesin design. Design risk anadyses
are not performed smply for the sake of meeting contract data requirements.

CAD techniques are developed or acquired, as necessary, to conduct these analyses to the
maximum extent possible, both as a potentid savings in engineering time and cogt, and in the
interest of improved and more consstent andytical accuracy.

Integrated logistics support andyses are performed to understand and determine the effects
of a desgn on supportability and logistics resources requirements for the purpose of
reducing any adverse effects.

TIMELINE
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Design andysis palicies are developed and proven before FSD, but shdl be updated and
otherwise refined as experience is gained during development. Their use is completed largely, except
for engineering changes to correct falures, at the conclusion of the design process.
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AREA OF RISK

Low risk desgns dlow parts and materids to operae wdl below their maximum dlowable
dress levels. Performance-oriented military programs often attempt to use these same parts and
materids a much higher dress levels Purauit of interoperability and parts Sandardization dso may
introduce dmilar risks. These choices often ae made by usng mathematicd models and generic
handbook data that are imprecise. The resultant high risk may not be discovered except by testing,
often operationd testing, which istoo late to avoid extensive corrective action.

OUTLINE FOR REDUCING RISK

The following design criteria are used for pat operating temperatures (except
semiconductors and integrated circuits). These criteria gpply to case and hotspot

temperatures.
< 3 watts: 40°C rise from the part ambient with a maximum absolute temperature of +110°C
> 3 watts: 55°C rise from the part ambient with a maximum absolute temperature of +125°%C

Transformers: 30°C rise from the part ambient with a maximum absolute temperature of

+100°C for MIL-T-27 class S insulation

Capacitors: 10°C rise from the part ambient with a maximum absolute temperature of +85°C
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Of dl the forms of stress to which dectronic parts are susceptible, thermal stress is the most
common source of falures. The thermd dress guiddines that are highlighted have been instrumentd in
reducing the failure rate of eectronic equipment by up to a factor of 10 over traditiond handbook
design criteria

The junction temperatures of semiconductors and integrated circuits normally should not
exceed +110°C, regardless of power rating. The failure rates of semiconductors decrease
by as much as a factor of two for each 10°C by which their junction temperatures can be
lowered. In modern dectronic systems having high semiconductor populations, this
trandates to an gpproximatey equa decrease in the overdl system falure rate when
ingtituted as design policy. In one program involving 200 aircraft, each 5C reduction in
cooling ar temperature was estimated to save $10 million in eectronic system maintenance
costs by reducing failure rates.

The absolute vaues of operating temperatures for al dectronic parts in a desgn ae
determined both by andysis and by measurement.

Equipment used to perform thermd surveys on eectronic systems and components now is
available readily. This equipment usudly is based on infrared scanning techniques, and now is
cgpable of measuring even the junction temperatures of integrated circuits under devel opment.

Government contractors include in their design policies and ther parts and materids
programs the derating criteria for al classes of parts and materids to be usad in their
products, specifying absolute limits on dl parameters to which rdiability is sengtive. This
policy is subject to review and gpprova by the Government before contract award.

Stress derating practice ranks with misson profiles as the mogt critica design factors
associated with low risk products.

Program-peculiar approved pats lisgs (APL), in generd a sub-set of the Military
Specification (MIL-SPEC) lids, are issued at the start of FSD. The APL shdl inform al
designers of the program’s standardization decisons¥aon resistors, capacitors, other
electronic parts, fasteners, connectors, wire, epoxies, and so forth. Designers must use the
selected standard parts when they meet system requirements or justify use of nonstandard
parts.
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Design for Testing L

Built-in Test

Configuration Control B
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Design Release I

Parts and materials sdection and stress derating policies must be in place a the start of
hardware development. The contractor design review process is the primary mechanism to ensure
compliance with these policies.
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AREA OF RISK

Many wegpon systems now depend upon software for their operations and maintenance.
Whether the software is embedded (“tacticd” or “firmwar€’) or loaded into main memory from
periphera storage devices, the problems are the same¥athe wegpon systems cannot be qudification
tested and they can’'t function, in most cases, without proper software. A software error can cause a
wegpon system falure. Nevertheess, software frequently fails to receive the same degree of discipline
as hardware early in FSD. Falure to dlocate system requirements clearly between hardware and
software greatly increases the difficulty of isolating and correcting design problems. Industry experience
shows that 64 percent of dl software errors are tracegble to functional or logica design, with the
remaining 36 percent due to coding.

OUTLINE FOR REDUCING RISK

The gpplicability to software in the outline for reducing risk of every desgn template is
consdered. Most templates are as applicable to software as to hardware, especialy design

process and design analysis.

Functional requirements are alocated either to hardware or to software, as appropriate, at
desgn dsat. These dlocations usudly are trade study topics, since it often is not clear
initidly which functions should be implemented in hardware, and which in software.

Hardware and software responsibilities resde with one individud.

Proven design policies, processes, and analyses governing software design are employed,

induding, but not limited to the following:
— Rigorous configuration control.
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— Chief programmer/designer teams and modular congtruction.

—  Structured programming and top-down design.

—  Structured wakthroughs.

— Good documentation.

— Traceability of al desgn and programming steps back to top leve requirements.
— Independent review of requirements anayses and design process.

— Thorough test plan developed and utilized from design Sart.

— Compliance with standards.

—  Structured flowcharting.

Computer software developers are accountable for their work quality, and are subject to
both incentives and pendties during al phases of the system life cycle.

A uniform computer software error data collection and andlysis capability is established to
provide ingghts into reliability problems, leading to clear definitions and measures of
computer software reliability.

A software smulator is developed and maintained to test and maintain software before,
during and after fidd testing.

Security requirements are considered during the software design process.
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It is essentiad that software design practices follow a disciplined